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Introduction

29
Although childhood obesity is levelling off in some populations, worldwide prevalence remains 30 high (1, 2) even at very young ages. The number of infants, toddlers and children (ages 0 to 5 years) 31 who were overweight increased from 32 million globally in 1990 to 42 million in 2013. This figure   32 is predicted to rise to 70 million by 2025 (3) .
33
In the UK, the most recent data provided by the National Child Measurement Programme (NCMP)
34
including over one million children showed 9.3% of reception aged children (ages 4-5 years) were 35 obese and another 12.8% were overweight (4) . Prevalence then increases further in the first few years 36 of school; for Year 6 children (ages 10-11 years) 14.3% were overweight and a further 19.8% were 37 obese (4) . It is estimated by 2020 that 20% of all boys and 33% of all girls will be obese (5) . Infant 38 weight gain has a positive association with subsequent obesity risk (6, 7) ; highlighting the importance 39 of research describing the aetiology of childhood obesity to support the development and 40 implementation of effective policies and interventions.
41
Obesity prevalence assessed using body mass index (BMI) in the UK is significantly higher in 42 children of South Asian origin compared with White British children (8, 9) although this may in part 43 be due to differences in body composition. Adults of South Asian origin are at greater risk of 44 obesity-related conditions, such as type 2 diabetes (10) , even at lower levels of obesity (measured 45 using BMI) compared to White British populations. Children with obesity are more likely to 46 become obese in adulthood and develop a variety of health problems, including cardiovascular disease, insulin resistance, musculoskeletal disorders, some cancers and disabilities (3) ; and obesity 48 in later childhood (ages 7 to < 18 years) and early adulthood (ages 18-30 years) is positively 49 associated with risk of coronary heart disease (11) . In addition, overweight and obesity in childhood 50 and adolescence have adverse consequences on premature mortality and physical morbidity in 51 adulthood (12) . Overweight or obese adults who were obese as children have an increased risk of type 52 2 diabetes, hypertension, dyslipidaemia, and carotid-artery atherosclerosis (13) . Importantly, risk of 53 adverse outcomes do not persist if children are no longer obese in adulthood (13) ; highlighting the 54 importance of early population-based interventions.
55
Optimizing a child's diet before the age of two years may be critical in preventing obesity and 56 obesity-related diseases (14) as inappropriate early eating behaviours established during the 57 complementary feeding period (weaning) and the first few years of life may persist (15, 16) . It is 58 important to understand the early risk factors for obesity and develop effective interventions for 59 parents and their offspring supporting healthy weight behaviours (17) . With this in mind, we aimed to 60 explore associations between dietary intake at age 12, 18 and 36 months with BMI z-score at age 36 months in a bi-ethnic sample of White British and Pakistani origin infants and children alongside 62 examining ethnic differences in dietary intake and BMI z-score at age 36 months.
63
Methods
64
Participants and study design
65
The Born in Bradford (BiB) study is a longitudinal, multi-ethnic birth cohort study designed to 66 examine the impact of environmental, psychological and genetic factors on maternal and child 67 health and well-being (18) . Bradford is the sixth largest city in the UK, with a population of about 68 half a million and high rates of childhood morbidity and mortality (18) . 
75
The Born in Bradford 1000 cohort (BiB1000) is a sub-sample of the full BiB cohort specifically 76 examining the determinants of childhood obesity (19) . (20) . feeding beakers) were used to estimate portion sizes and quantities of foods and drinks consumed.
99
The FFQ was administered by a team of multilingual community research administrators, who were 100 trained by dietitians.
101
For the purposes of analysis at 12 and 18 months, thirteen key indicator food categories were
102
formed from the ninety-eight foods. The key indicator foods were defined as those consumed by 103 this age group as identified through dietary surveys (22) and associated with high energy density
104
(high fat, high sugar) and low energy density (high fibre, low fat, low sugar), and therefore assumed
105
to have a plausible role in obesity development (23) . The key indicator foods (Table 1) were selected 106 on the basis of their contribution to dietary patterns associated with the development of obesity (21) .
107
month dietary intake
108
The 36 month validated FFQ was a modified version of the Survey of Sugar Intake among children
109
in Scotland study (24) . (27) .
141
Data analysis
142
The frequencies of consumption of key indicator foods at age 12, 18 and 36 months were tabulated 143 across children's BMI z-score at age 36 months for the full sample and by ethnic group; see Tables   144   2 and 3 approach to defining cut-offs was therefore used to define high and low intakes; where intake were 151 dichotomized into consumer/non-consumer (i.e. zero intake/any intake) and below and equal
152
to/above the median intake for that key indicator food (i.e. lower intake/higher intake); see Table 1 .
153
Foods with a median intake of zero were those dichotomized into consumer/non-consumer and
154
foods with a median intake of greater than zero were those dichotomized into below and equal
155
to/above the median intake. children, the ethnicity variable represents the difference in BMI z-score for White British children.
169
Ethnic differences in 36 month BMI z-score, adjusted for dietary intake, gender and birthweight
170
was assessed using these linear regression models, utilising the coefficients and associated
171
confidence intervals for ethnicity.
172
The statistical software package R version 2.15.1 (2012) was used for the analyses (28) .
173
Results
174
1,735 (91%) mothers from 1,916 who were invited agreed to take part in BiB1000. For the current 175 study, participants were excluded if they had multiple births (n 28 / 56 infants), missing child 176 dietary data, missing child BMI z-score at age 36 months or were not of White British or Pakistani 177 ethnicity. The sample therefore consists of 722 singleton infants with 12-month data, 779 children 178 with 18-month data and 845 children with 36-month data.
179 Table 7 provides information on the characteristics of the sample. Data are presented for White
180
British and Pakistani infants only as they form the largest ethnic groups in the population of 
186
Exploring dietary intake and patterns between 12, 18 and 36 months shown to exist at birth are likely to continue to at least 36 months of age.
255
Discussion
256
In our study, White British children had higher BMI z-scores at age 36 months compared to
257
Pakistani children, consistent with other data stating Pakistani infants are lighter and have shorter 258 lengths than White British infants at birth (29) (30) (31) (32) (33) . and lower BMI z-scores respectively. These unexpected results could be attributed to our method of 306 dietary assessment, however previous literature has reported high intake of fish products is 307 associated with an increased body weight status in school aged children due to accumulation of fat-308 free mass (42) . We considered whether the level of breastfeeding in this age group was more 309 important than diet but previous research in this sample has shown there are no associations 310 between infant feeding practices and BMI at 3 years (43) .
311
Research exists reporting that obese children eat chips more frequently than normal weight 312 children (44) , offering french fries and similar potato products in school meals more than once per 313 week is associated with a significantly higher likelihood of obesity (45) and higher BMI z-scores are 314 strongly associated with the consumption of high fat foods (including chips and french fries) (46) ,
315
our research appears to disagree with these results and goes against intuition. More research is 316 warranted in this population to fully investigate the relationship between high fat chips consumption 317 and obesity (BMI z-score).
Our identified relationships between diet and 36 month BMI z-score contribute to evidence 319 highlighting the importance of appropriate diets for all children from a young age (34) . As promoting 320 consumption of vegetables is notoriously more difficult than fruit (47) , it is encouraging to report that (48) . Repeated exposure is a simple effective technique that can be used to improve 328 acceptance of novel vegetables (49) . Other aspects of a child's diet can be improved by eating a 329 healthy breakfast, healthier snacks (i.e. fewer crisps and biscuits for example), making water the 330 drink of choice, eating meals together and allowing children to get involved in the preparation of 331 meals (50) .
332
This study has highlighted ethnic differences in BMI z-score in early childhood; consistent with 333 previous research on growth patterns (29, 30) . Ethnic disparities in obesity prevalence are already ; with consumption patterns of processed meat products, fruit and chips or potatoes being 338 evident in White British and Pakistani infants at 12 months and increasing by 18 months of age,
339
with further consumption patterns in water and low sugar drinks being established at 18 months (21) .
340
Research by the Avon Longitudinal Study of Parents and Children (ALSPAC) has also reported an 341 impact of early nutrition on excess growth (52) . In one study, breastfeeding status was associated with 342 later obesity, though this was predominantly observed later, when children were school aged (53) . It 343 is possible that differences in the data between ALSPAC and BiB are due to differences in ethnicity 344 between the cohorts (e.g. 71% of the ALSPAC participants were White). It is also possible that the 345 trajectory of excess weight gain in BiB would continue to increase after school entry, but these data
346
are not available to test this hypothesis.
347
We have identified associations between consumption of some foods and BMI z-score in early 348 childhood. Further research is warranted to determine whether associations are maintained in later 349 childhood.
Our study included a large bi-ethnic sample with longitudinal exposure data collected at 12, 18 and 351 36 months of age. Dietary data may have been affected by the use of parent reported FFQs (20, 24) , 352 which may be prone to overestimation of some foods and underestimation of others. Assessment of 353 dietary intake via FFQs in large cohort studies is common (54) (55) (56) and is a standard, feasible approach 354 in large samples (57) . Further, two validated questionnaires were used (20, 24) . To our knowledge, there 355 is no systematic error in reporting within FFQs by ethnicity (58) .
356
A limitation of this study is that only infants and children of White British and Pakistani ethnicity
357
were included in the analysis, constituting only two ethnicities and one South Asian group. Due to 358 the heterogeneous nature of this ethnic group, the data cannot be generalized to other South Asian 359 infants and children. In addition, our study only used data from one UK geographical region,
360
Bradford, and the results presented may not be generalizable to other areas. We accept that BMI z-361 score may not be the most appropriate measure to use as BMI does not directly measure 362 adiposity (59) . Given that previous BiB literature (29, 30) reporting differences in Pakistani and White
363
British infants growth measurements exists, a more suitable indicator for obesity such as percent 364 body fat could be used.
365
Stratified analysis by utilising two-way interaction terms in our linear regression models (ethnicity 366 with each key indicator food) was considered. However, the two-way interaction terms were all 367 insignificant meaning the stratified analysis provided equivalent conclusions to the models without 368 interaction terms. Therefore, the simpler models were presented as they gave better estimates of the 369 effect sizes by pooling the ethnicities, hence increasing the sample size giving smaller standard
370
errors and more precise estimates.
371
It has been suggested that dietary patterns which emerge early (60) track through infancy (61) and into 372 later childhood (62) persist into adulthood (63) . Findings in this study imply the importance of early life 373 exposures, with some evidence of associations between dietary intake and 36 month BMI z-score 374 being established early in life (18 and 36 months). This is an important conclusion as other studies 375 which have shown relationships between food consumption and growth (64) have tended to focus on 376 children of school age or older rather than pre-schoolchildren (65) (66) (67) or solely focused on growth 377 characteristics (68, 69) or diet (22, 70) . These results should be used as a foundation to investigate 378 relationships in other populations and links to BMI later in life. With the prediction that 20% of all 379 boys and 33% of all girls will be obese by 2020 (5) it is important to use the information from studies 
